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ABSTRACT:  Pree  water  shockwave  parameters  obtained  from  80- 


pound  aphe^lci 
range  of  wV3, 


scaled  reciprocal 
and  similitude 


:al  TNT  charges ,  covering  ythe  a< 

>/R  from  O.Oo  to  0.6  lbai/3/rt , 
lines  for  peak  preaaure,  time  conatant,  impulse  and  energy  are 
presented.  Equations  derived  from  the  similitude  lines  are  as 
fol  loirs : 


pn  -  2.11x10*  (wV3^)i.n  lb8/ln>2 
0  -  0.052  WX/3  (W1/3/H)-°-23  Miiiicecond 


I  -1.33  wV3  (wVS^jO.ST  lb.  -aec/in.2 
E  -  2.25xl03  W*/3  (v1/^)!^  ln.lb,/ln#2 


where 


W  la  the  charge  weight  in  pounds  and 
R  la  the  range  in  feet 


Over  the  range  of  measurement  the  peak  preaaure  similitude 
line  agreed  to  within  30  with  a  prior  determination  made  by  the 
Underwater  Explosives  Research  Laboratory  at  Woods  Hole, 
Maaaschuaetta ,  but  wsa  found  to  be  200  higher  than  a  determi¬ 
nation  made  in  Orest  Britain  by  the  Naval  Construction  Research 
Establishment.  Although  some  of  the  factors  which  have  con¬ 
tributed  to  the  latter  discrepancy  have  been  uncovered,  the 
entire  discrepancy  haa  not  aa  yet  been  resolved. 
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The  work  presented  here  was  carried  out  In  order  to  get  reliable 
values  for  the  underwater  performance  of  TNT,  which  Is  used  as 
a  standard  of  performance  both  of  high  explosives  and  nuclear 
weapons.  Over  the  range  of  measurement  no  significant  difference 
was  noted  between  the  shockwave  parameter  values  obtained  during 
this  Investigation  and  prior  determinations  made  by  the  Under¬ 
water  Explosives  Research  Laboratory  (UERL).  Continued  use  of 
the  UERL  shockwave  parameter  values  for  TNT  Is  therefore  recom¬ 
mended.  Serious  discrepancies,  however,  still  exiat  between 
these  values  and  values  obtained  in  Great  Britain.  Until  these 
discrepancies  are  resolved  the  UERL  values  cannot  be  considered 
definitive . 

This  work  was  done  under  Task  NO  301-664/43003/01.  The  work 
is  applicable  to  the  solution  of  Key  Problems  3.6.1,  3.6.2. 
NAVORD  Report  3906,  "Key  Problems  In  Research  and  Development". 

MELL  A.  PETERSON 
Captain,  USN 
Commander 

Q.  t . 

C.  /.  ARONSON 
By  direction 
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UNDERWATER  SHOCKWAVE  PARAMETERS  POR  TNT 

INTRODUCTION 

Por  a  number  of  years  TNT  has  been  the  standard  used  to 
Judge  the  effectiveness  of  new  underwater  explosives,  and  has, 
therefore,  been  the  subject  of  a  number  of  studies  [1,  2,  3,  A*]. 
In  s  recent  review  of  the  available  data.  It  was  found  that  a 
controlled  determination  of  the  underwater  anockwave  parameters 
of  TNT  had  not  been  carried  out  In  this  country  since  19*6  and 
that  recent  work  in  Qreat  Britain  [4]  had  shown  considerable 
discrepancies  from  the  values  found  In  this  country. 

In  planning  an  Investigation  of  the  propagation  of  shock- 
waves  near  the  bottom  In  deep  water.  It  was  believed  necessary 
to  have  reliable  values  of  the  free  water  shockwave  parameters. 

It  was  therefore  decided  to  fire  a  new  series  of  TNT  charges. 
Since  Improvements  have  been  made  both  In  Instrumentation  and 
analytical  techniques,  It  waa  expected  that  the  results  could 
be  used  as  a  basis  for  determining  the  best  values  for  TNT. 

EXPERIMENTAL  ARRANGEMENT 

A .  Charges .  The  charges  were  cast  at  the  U.  S.  Naval 
Mine  Depot  at  Yorktown,  Virginia,  In  spherical  steel  esses  14 
inches  In  diameter  with  0.03  Inch  case  thickness.  Three  lugs 
were  welded  to  the  case  90°  apart  for  mounting  to  the  fore-and- 
aft  rig  and  to  a  surface  float.  An  0.8  pound  spherical  pento- 
llte  booster  was  located  at  the  center  of  the  casing  and  the 
molten  TNT  poured  around  it.  A  well,  about  5/l6-inch  In  diameter 
was  provided  for  the  Insertion  of  a  single  U.  S.  Army  Engineer's 

•All  such  numbers  refer  to  the  list  of  references  on  Page  22. 
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Special  Bite trie  Detonator  to  the  canter  of  the  pentolite  booster. 
The  total  explosive  weight,  i.e.,  the  weight  of  the  TNT  plus  the 
weight  of  the  pentolite  booster,  was  81.7  1  0.6  pounds.  The 
specific  gravity  of  the  TNT  wsa  1.57  -  1 .58 

B.  Inst mean tat Ion.  Bight  charges  were  fired  from  the 
USS  BL3MBRB  (BPCS-1413)  in  the  Potomac  River  off  Indian  Head, 
Maryland.  The  charge  and  gages  were  towed  28  feet  below  the 
water  surface  by  a  Modified  fore  and  aft  ri&  (5)  in  a  total 
water  depth  of  approximately  70  feet.  The  gage  train  consisted 
of  eight  tourmaline  gages  Mounted  in  pairs  at  distances  varying 
from  7.5  feet  to  55  feet  froe  the  charge  center.  Two  aets  of 
gage  diatances  were  used,  thus  giving  preaaure-tiMe  records 
at  eight  positions.  To  avoid  systematic  errors  due  to  individual 
gage  variation,  gages  were  shifted  at  random  from  one  position  in 
the  rig  to  another  during  the  aeries.  The  gagea  were  mounted  on 
Simplex  twin-coaxial  low  noise  cables  and  were  coated  with 
Zophar  C-276  wax. 

The  gagea  used  were  constructed  from  four  1/4 -inch  diameter 
tourmaline  discs  and  were  similar  to  the  Type  B  gages  [6,  7], 
except  that  the  latex  edge  insulation  wsa  replaced  with  an 
Araldlte  epoxy  reain  and  the  steel  central  tab  was  replaced  with 
two  smaller  steel  tabs  for  mounting  the  two  cable  leads. 

Bach  of  the  eight  800-toot  twin- coaxial  cables  was 
terminated  aboard  the  DSS  ELSMERB  (BPCS-1413)  in  a  compensating 
network  consisting  of  two  series  surge  resistors  and  two  0.1 
micro-farad  shunting  (standard)  condensers  (one  for  each  coaxial 
cable)  for  optimum  response  in  accordance  with  Reference  [8]. 

The  output  of  each  network  was  connected  dlreotly  to  a  push-pull 
cathode  follower  circuit,  the  input  Impedance  of  which  was  10® 
ohms;  thus  an  input  time  constant  of  about  12  seconds  was  obtained. 
The  low  Impedance  outputs  of  the  cathode  follower  were  connected 
to  a  puah-pull  pre-amplifier,  the  single  er.Jed  output  stage  of 
which  was  connected  to  the  input  of  a  DuMont  247  cathode  ray 
oscilloscope.  The  excursions  of  the  cathode  ray  tube  spot  were 
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photographed  on  16-1/2  lneh  lengths  of  35mn  film  moving  at  right 
angle*  to  the  spot  deflection*.  The  film  was  mounted  inside  a 
cylindrical  luoite  drum  whleh  was  driven  by  e  synchro  motor  at 
film  speeds  of  0.45  in.  per  milllseoond.  A  new  voltage  step 
generator  (9l  with  a  rise  time  of  1/2  mleroaeoond,  provided  Q 
step  voltages  [6]  to  all  channels  simultaneously  about  3  seconds 
before  the  charge  was  detonated.  The  desired  calibration  voltage 
was  obtained  from  a  100  ohm  attenuator  provided  in  each  channel. 
Through  a  separate  optical  system  employing  s  cylindrical  lens, 
light  flashing  from  s  crater  tube  at  a  rate  of  1000  times  a 
second  was  photographed  as  lines  on  the  film  simultaneously  with 
the  pressure-time  record.  The  eleotronlo  instrumentation 
mentioned  above  Is  described  in  detail  in  Referenoe  [10],  and 
modifications  to  the  equipment  are  described  in  References  [5], 
[11],  and  [12].  The  overall  frequency  response  of  a  recording 
channel  was  found  to  be  flat  to  better  than  20  between  100  epa 
and  about  50  kc.  The  response  gradually  doorcases  at  higher 
frequencies ,  end  is  down  to  700  at  200  kc .  The  overall  response 
at  the  low  frequencies  is  affected  by  the  A.C.  oscilloscope 
(end  pre-amplifier)  and  is  down  to  700  st  about  1/3  ops. 

The  bubble  period  was  recorded  by  a  separate  channel  almllsr 
to  the  eight  deeorlbed  above.  However,  a  1-1/8  lnoh  diameter 
tourmaline  gage  was  used  to  record  the  relatively  small  amplitude 
bubble  pulse  and  a  different  camera  motor  waa  used  to  drive  the 
film  at  10  inches  per  second. 


ANALYSIS 

Introduction.  The  methods  of  record  reading  developed  at  this 
Laboratory  [14,  15]  have  proven  aatlsfactory  for  the  analysis  of 
shockwave  records  from  large  charges  fired  In  free  water.  Except 
for  the  peak  pressure  measurements,  the  methods  of  analysis  used 
were  based  on  the  above  references.  A  re-examination  of  the 
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basis  of  the  peak  pressure  analysis  was  carried  out,  and  the  new 
method  described  below  was  the  result.  Thiu  method  of  analysis 
is  more  general  and  can  be  used  on  a  wide  variety  of  ahockwavea. 
Description  of  Records.  The  pressure -time  record  reproduced 
In  Figure  1  la  typical  of  the  shockwave  records  obtained  In  this 
series.  The  coordinates  were  determined  from  the  calibration 
voltage  step  or  "Q  step”,  and  the  short  vertical  one -millisecond 
timing  lines.  The  grid  was  applied  to  the  photographic  paper  by 
use  of  the  NharpN  arrangement  described  In  Reference  [16]. 

In  order  to  facilitate  the  analysis,  each  pressure-time 
record  was  plotted  on  a  aeml-log  scale  (Figure  2) .  The  region 
of  Interest,  which  extends  out  to  6.70*  was  closely  approximated 
by  a  aeries  of  line  segments.  In  general,  fewer  than  eight 
straight  line  segments  were  required  to  reproduce  the  essential 
featurea  of  the  decay. 

The  shockwave  trace  (Figure  1)  la  characterized  by  the 
usual  abrupt  rise,  then  an  essentially  exponential  decay  for 
about  0.5  millisecond,  and  a  slower  decay  thereafter.  However, 
superposed  on  the  peak  of  the  shockwave  Is  a  small  amplitude 
signal  called  the  "overshoot”.  The  cause  of  the  overshoot  has 
not  as  yet  been  determined,  but  evidence  Indicates  that  It  la 
not  a  real  event  occurring  at  the  shock  front,  but  Is  rsther  the 
result  of  a  spurious  signal  emanating  from  the  gage.  An  examina¬ 
tion  of  Figures  1  and  2  will  also  reveal  the  presence  of  two 
slight  oscillations  superposed  upon  the  Initial  exponential  decay. 
The  contribution  which  these  oscillations  made  to  the  final 
parameter  determination  was  quite  small,  and  they  did  not  Intro¬ 
duce  any  significant  uncertainty  Into  the  results. 

Determination  of  Shockwave  Parameters. 

1.  Peak  Pressure  (Pm).  The  maximum  pressure  produced  by 
the  shockwave  from  a  centrally  detonated  spherical  explosive 
charge  appears  at  the  ahock  front.  The  recorded  peak  pressures 
sre  distorted  both  by  the  limitations  In  the  high  frequency 
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response  of  the  equipment  and  by  the  effect  of  finite  gage  size. 
In  order  to  Improve  the  accuracy  of  the  final  parameter  values. 

It  Is  necessary  to  compensate  for  these  limitations  by  the  use 
of  suitable  corrections.  These  corrections  and  their  method  of 
use  are  discussed  below. 

The  finite  gage  size  correction  is  equal  to  approxi¬ 
mately  one-half  the  trsnslt  time  of  the  shockwave  scroaa  the 
gsge;  for  the  1/4-inch  diameter  gages  usod  this  was  about  2-1/2 
microseconds.  Teats  made  on  the  transmission  cables  and  com¬ 
pensating  networks  on  the  amplifiers  indicated  that  a  1.0  micro¬ 
second  correction  would  compensate  for  the  limitations  in  the 
high  frequency  response  of  the  system.  Since  these  corrections 
are  essentially  constants,  and  since  the  effects  of  finite  gage 
size  and  finite  amplifier  response  act  in  the  ssme  direction,  a 
single  correction  term  of  3.5  microseconds  was  applied  to  each 
record. 

A  third  correction  was  applied,  which  compensated  for 
the  non-perpendicular  alignment  of  the  film  In  the  rotating  drum 
earners  relative  to  the  cathode  rsy  oscilloscope  deflection  plates 
(see  Appendix  A).  The  effect  of  this  misalignment  is  a  time 
displacement  of  the  recorded  peek.  Unlike  the  prevloua  cor¬ 
rections,  which  remained  constant  for  all  records,  the  perpen¬ 
dicularity  term  had  to  be  determined  for  each  recording  channel. 
Its  absolute  value  ranged  from  zero  to  20  microseconds,  and 
averaged  approximately  5  microseconds;  the  error  involved  in  lta 
measurement  was  probably  sbout  3  microseconds .  Since  the 
deviation  from  perpendicular  alignment  varies  in  direction,  this 
correction  term  may  be  either  added  to  or  subtracted  from  the 
3. 5  microsecond  correction  discussed  above. 

Since  these  corrections  are  Independent  of  the 
sequence  in  which  they  are  applied,  they  were  grouped  together 
to  form  one  correction  factor,  namely 
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t  ■  m  +  tg  +tp*  3.5+  tp  (microseconds) 

m  ■  gage  transit  tine  (microseconds) 
ts  ■  high  frequency  response  term  (microseconds) 
tp  *  perpendicularity  term  (microseconds) 

A  correction  value  was  determined  for  each  pressure  history  by 
substituting  the  proper  perpendicularity  correction  term  Into 
this  relation . 

The  resulting  correction  term  was  then  applied  to  the 
semi-log  representation  of  the  pressure  history  In  the  follow- 
lng  manner.  The  Initial  line  segment  of  the  semi-log  plot  was 
extrapolated  back  to  recorded  "zero-time",  i.e.,  the  time  at 
which  the  trace  on  the  original  preaaure-tlme  record  Initially 
departed  from  the  hydrostatic  pressure  level  or  base  line.  Hie 
pressure,  pQ,  corresponding  to  thia  recorded  zero  time  was  then 
obtained  from  the  semi-log  plot  and  was  used  to  determine  the 
"true"  peak  pressure,  pffl,  from  the  following  relation 

-t/0  2 

Pn  ■»  pc  e  Ibs/inch 

where  t  Is  the  correction  term  and  0  Is  the  time  constant  of  the 
Initial  decay. 

2.  Time  Constant  (0).  In  free  water  the  peak  pressure 
Is  followed  by  an  essentially  exponential  decay.  The  rate 
of  this  Initial  decay  Is  characterized  by  the  time  constant, 

9.  It  Is  equal  to  the  time  required  for  the  shockwave  peak 
pressure  to  decay  to  a  value  of  p^e.  The  value  Is  found  by 
determining  the  negative  reciprocal  of  the  slope  of  the  initial 
line  segment  on  the  semi-log  plot  (Figure  2) . 

3.  Impulse  (I).  The  Impulse  passing  through  s  unit  area 
parallel  to  the  shock  front  up  to  a  time  t  la  given  by 
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Xn  order  to  conform  to  past  determine t Ions [  1  ]  the  upper  limit 
was  set  equal  to  6.7©. 

If  the  value  of  the  impulse  la  determined  from  the 
semi-log  plot  (Figure  2),  aa  haa  been  done  here,  the  Impulse 
Integral  reduces  to 

1  -  n 

1  -  Z  ei  <pi  -  w 

i-i 

where  ©{  -  negative  reciprocal  of  the  slope  of  the  1th  line 
segment. 

-  Initial  pressure  of  1th  line  segment 

P1+1  -  terminal  pressure  of  1th  line  segment 

n  -  the  number  of  the  line  segment  at  t  -  6.7© 

All  the  values  of  p1  and  p1+1,  with  the  exception  of  p1  were 
taken  directly  from  the  serai -log  plots.  For  p1  the  peak 
pressure,  p  ,  was  used.  The  final  terminal  pressure,  ^  +1, 
la  equal  to  the  pressure  at  the  time  6.7©.  The  value  of  the 
Impulse  was  found  for  each  gage  record.  These  values  are  pre¬ 
sented  In  Table  I. 

4.  Energy  (E).  The  energy  passing  through  a  unit  area 
parallel  to  the  shock  front  up  to  a  time  t  la  given  by 
E  -  (1  -  1-7X10-6  pm)  r*  p2dt 

Po  c0  ‘O 

where  p  -  ambient  water  density 

ro 

cq  «  velocity  of  sound  through  the  undisturbed  water. 

The  upper  limit  of  Integration  was  again  set  equal  to  6.7©* 
and  the  value  of  pQ  cQ  waa  determined  from  the  relation 

Po  co  "  5.14  +  0.0144T 

where  T  -  the  temperature  of  the  undisturbed  water  In  °C.  The 
water  temperature  ranged  from  4  to  13°C,  and  averaged  approxi¬ 
mately  7°C. 
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As  witn  the  impulse,  the  shockwave  energy  lntegrsl  was  re¬ 
duced  to 


E  .  (1  -  1.7xl0-6pm) 

Po  eo 


when  the  Integral  was  evaluated  from  the  semi-log  plot.  The 
values  for  p,.  and  p1+1  are  Identical  to  the  values  used 
in  the  determination  of  the  Impulse.  The,  results  of  these 
energy  measurements  are  also  presented  in  Table  I. 


RESULTS 


Pree  Water  Shockwave  Parameters.  The  data  obtained  from  the 
individual  gage  records  are  presented  in  Table  I.  In  Figures 
3-6  these  data  points  have  either  been  plotted  directly  or  in 
reduced  form  as  functions  of  the  scaled  reciprocal  distance, 
Wi//3/fi.  Similarity  curves  were  fitted  to  these  points  by  the 
method  of  .least  squares,  and  the  standard  deviation,  a  ,  of  the 
experimental  points  from  these  curves  was  determined.  Express¬ 
ions  for  these  lines  snd  the  corresponding  standard  deviations 
riTe : 


(1)  Peak  Pressure 

Pm  -  2.11xl04  (W1//3/R)1,n  lbs/in2 

o  m  5.6* 

(2)  Time  Constant 

0  -  .052  W1/3  (wWr)-0^3  milliseconds 

6.7* 

(3)  Impulse 

I  -  1.33  w1/3  (wWr)0-87  lbs-sec/ln2 
°  -  1396 

(4)  Energy  Plux 

E  -  2.25xl03  W1/3  (wWR)1^  in-ib/in2 
o  "*  17* 

where  R  is  the  distance  in  feet,  and  W  is  the  charge  weight  in 
pounds . 
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Bubble  Period  Measurements.  The  bubble  period  was  recorded  in 
five  out  of  the  eight  shots.  The  first  bubble  periods  were 
measured  on  the  films  and  the  period  constants  calculated  by 
the  method  of  Reference  1 1 3  ]  -  While  the  correction  for  the 
effect  of  the  bottom  and  surface  interfaces  on  the  bubble  period 
is  included,  no  booster  correction  was  made.  The  results  are 
given  in  Table  11.  The  period  constants  are  slightly  higher 
than  the  usual  value  of  about  4.36;  this  is  probably  due  to  the 
large  (lb-^Oo)  correction  for  surfaces.  The  above  Information 
on  bubbles  Is  included  for  completeness  and  is  not  considered 
germane  to  the  basic  topic  of  this  report. 
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TABLE  I  SHOCKWAVE  PARAMETERS  POR  TNT 


Shot 

No. 

Oage 

No. 

Charge- 

Oage 

Distance 

(ft) 

Peak 

Pressure 

Pm  3 
(lb/in2) 

Time 

Constant 

0 

(msec) 

Impulae 

I 

( lbs/sec } 
in* 

Energy 

E 

(ln-lb) 

ln2 

827 

862 

10.5 

7500 

0.270 

2.38 

1480 

944 

10.5 

7670 

C.280 

2.61 

1620 

828 

862 

944 

10.5 

10.5 

7470 

No  Record  Obtained 
0.255  2.27 

1390 

829 

862 

10.5 

7800 

0.275 

2.61 

1650 

830 

943 

862 

10.5 

10.5 

7630 

8100 

0.270 

0.265 

2.56 

2.71 

1560 

1740 

943 

10.5 

7360 

0.270 

2.54 

1470 

827 

941 

16.5 

5110 

0.325 

2.17 

878 

943 

16.5 

4630 

0.300 

1.67 

637 

828 

941 

16.5 

5410 

0.305 

2.10 

903 

943 

16.5 

4510 

0.295 

1.61 

592 

829 

941 

16.5 

4570 

0.280 

1.47 

567 

1101 

16.5 

4900 

0.325 

1.99 

782 

830 

941 

16.5 

4390 

4600 

0.310 

1.62 

588 

1101 

16.5 

0.325 

1.85 

688 

827 

1093 

31.0 

2460 

0.375 

1.23 

239 

828 

1100 

1093 

31.0 

31 .0 

23.3° 

No  Record  Obtained 
0.330  0.852 

149 

829 

1100 

31.0 

2180 

0.325 

0.868 

154 

1093 

1111 

31.0 

31.0 

254° 

Oage  Failed 

0.355  1.15 

234 

830 

1098 

31.0 

2480 

0.370 

1.22 

236 

1111 

31.0 

2510 

0.340 

1.06 

215 

827 

1104 

55.0 

1240 

0.420 

0.687 

67 

1111 

55.0 

1240 

0.405 

0.589 

64 

828 

1104 

55.0 

1310 

0.400 

0.695 

71 

1111 

55.0 

1340 

0.395 

0.420 

O.638 

70 

829 

1104 

55.0 

1260 

0.703 

69 

830 

1100 

55.0 

1160 

0.380 

0.570 

52 

1104 

55.0 

1320 

0.400 

0.704 

72.6 

1100 

55.0 

1160 

0.385 

0.569 

52.8 
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TABLE  I  SHOCKWAVE  PARAMETERS  POR  TNT  (Con’;) 


Shot 

No. 

Gage 

No. 

Charge- 

Gaga 

Dlatanca 

(«) 

Peak 

Preaaura 

p»  2 
llb/ln*) 

Time 

Constant 

6 

(msae) 

Impulse 

I 

(lba/see) 

m<* 

Energy 

E 

Un-lb) 

in* 

831 

941 

7.5 

12,000 

0.285 

t.3* 

4060 

832 

943 

7.5 

12,100 

0.250 

3.67 

3550 

941 

863 

7.5 

7.5 

11,100 

0.275  3.60 

Oaga  Palled 

3270 

833 

941 

7.5 

11,800 

0.260 

3.93 

3550 

834 

1101 

7.5 

11,900 

0.240 

3.32 

3200 

943 

7.5 

12,000 

0.250 

3.75 

3420 

1082 

7.5 

12,300 

0.230 

3.29 

3290 

831 

862 

13.5 

5,670 

0.320 

2.27 

1030 

832 

1101 

13.5 

5,580 

0.320 

2.10 

977 

943 

13.5 

6,000 

0.265 

1.90 

931 

833 

1101 

13.5 

5,840 

0.265 

2.15 

840 

943 

13.5 

5,350 

5,870 

0.260 

1.67 

726 

834 

1105 

13.5 

0.320 

2.31 

1450 

941 

1105 

13.5 

13.5 

6,530 

0.315  2.70 

Gage  Failed 

1340 

831 

1104 

22.5 

3,370 

O.36O 

1.56 

4i8 

832 

1111 

22.5 

3,620 

0.355 

1.62 

470 

1104 

22.5 

3,560 

0.365 

1.66 

469 

833 

1098 

22.5 

3,570 

O.36O 

1.69 

469 

1104 

22.5 

3,560 

3,420 

0.355 

0.340 

1.57 

447 

834 

1100 

22,5 

1.52 

406 

1111 

22.5 

3,470 

0.300 

1.21 

348 

1100 

22.5 

3,380 

0.325 

1.39 

365 

831 

1098 

41.5 

1,7*0 

0.395 

0.923 

130 

832 

1100 

41.5 

1,660 

0.375 

0.790 

106 

1111 

41.5 

1,680 

0.345 

0.674 

95 

833 

noo 

41.5 

1,690 

0.370 

0.799 

106 

1111 

41.5 

1,560 

0.350 

0.405 

0.569 

81.8 

834 

1098 

41.5 

1,670 

0.922 

125 

1104 

jU.5 

1,680 

0.^40 

0.687 

93.5 

1098 

41.5 

1,880 

0.380 

0.946 

137 
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W  l/3/  R  (  LB  l/3/FT  ) 


FIG.  3  SHOCKWAVE  PEAK  PRESSURE  VS 
SCALED  RECIPROCAL  DISTANCE 
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W^3/R  (  LBS  '/S/FT) 


FIG.  5  REDUCED  IMPULSE  VS  SCALED 
RECIPROCAL  DISTANCE 
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Wi/3/R  (  LB  l/3/  FT) 

FIG.  6  REDUCED  ENERGY  FLUX  VS 
SCALED  RECIPROCAL  DISTANCE 
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TABLE  II  BUBBLE  PERIOD  C0NSTANT3 


Charge 
Shot  Weight 
No.  (lbs) 


Hydrostatic  Total 
Depth  *  Water 

(ft)  Depth 

(ft) 


Measured  Corrected 
Period  Constant 
(sec) 


827 

no  bubble 

pulse  record 

obtained 

828 

81.9 

61 

66 

0.569 

4.46 

829 

81.4 

59 

66 

0.574 

4.48 

830 

no  bubble 

pulse  record 

obtained 

831 

81.7 

61 

70 

0.567 

4.45 

832 

81.4 

61 

70 

0.565 

4.45 

833 

81.3 

62 

62 

0.560 

4.43 

93* 

no  bubble 

pulse  record 

obtained 

•Actual  charge  depth  In  feet  ♦  33. 
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DISCUSSION 

The  results  of  this  free  water  progrea  ere  ooapsred  In 
Table  III  with  values  reported  by  the  Navel  Construction  Re¬ 
search  Establishment  (NCRE)  In  Orest  Britain  [3,  4],  and  with 
values  obtained  In  this  country  by  the  Underwater  Exploalvea 
Research  Laboratory  (UERL)  at  Woods  Hole,  Maas.[l].  The  agree¬ 
ment  between  the  present  results  and  the  UERL  values  la  quite 
good,  with  the  exception  of  the  time  constant*;  there  are, 
however,  rather  large  discrepancies  between  the  American  values 
and  the  British  results.  These  discrepancies  are  considerably 
greater  than  the  normal  spread  of  values  obtained  from  standard 
charges  by  NOL  over  several  years'  work  using  the  equipment  and 
methods  of  this  study. 

The  rather  large  differences  between  the  American  and 
British  results  are  believed  to  be  due  largely  to  Instrumentation 
effects.  There  Is  considerable  evidence  on  hand  to  Indicate 
that  a  pyro-electrlc  effect  occurring  during  the  static  cali¬ 
bration  of  the  UERL  and  NOL  gages  can  produce  an  error  of  about 
in  the  gage  constant.  To  correct  for  this  error  the  American 
pressure  and  Impulse  values  quoted  In  Table  III  would  have  to  be 
lowered  by  approximately  and  the  corresponding  energy  value 
lowered  by  about  8£.  In  addition.  It  Is  believed  that  the 
response  of  the  NCRE  Instrumentation  could  have  caused  recorded 
peak  pressures  to  be  about  8 $  too  low. 

While  corrections  for  these  two  possible  errors  would 
bring  the  British  and  American  values  closer  together,  they  do 
not  account  for  the  entire  discrepancy.  It  Is  hoped  that  further 
work  will  resolve  the  differences. 


*The  disagreement  In  the  NOL  and  UERL  time  constant  determina¬ 
tions  was  found  to  be  attributable.  In  large  part,  to  differences 
In  the  methods  employed  to  measure  this  parameter. 
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RECOMMENDATIONS 

In  light  of  this  investigation  it  is  recommended  that  the 
earlier  UERL  values  given  in  lines  (1)  and  (2)  of  Table  III 
continue  to  be  used . 
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APPENDIX  A  DETERMINATION  OP  PERPENDICULARITY  CORRECTION  TERM 

Because  of  ths  method  used  to  obtained  the  peak  pressure 
values  presented  In  this  report,  it  was  necessary  to  correct 
eaeh  pressure -time  history  for  the  non -perpendicular  alignment 
of  the  film  in  the  rotating  drum  oamera  relative  to  the  cathode 
ray  oscilloscope  platea.  The  effect  of  this  mlaellgriment  was 
essentially  a  displacement  of  the  recorded  peak  pressure  relstlve 
to  the  recorded  aero  time,  i.e.,  the  time  at  which  the  trace 
Initially  departed  froa  the  base  line. 

The  magnitude  and  dlreetlon  of  this  correction  was  obtained 
for  aaeh  channel  as  follows:  Prior  to  the  series,  a  35mm  test 
film  was  plaeed  in  eaoh  rotating  drum  camera,  the  beam  switched 
on,  and  the  oamera  drum  turned  through  e  complete  revolution. 
After  applying  thle  base  line  the  drum  was  stopped  and  the  beam 
deflected  at  several  points  along  the  film.  The  deviation  of 
the  lines  thus  produced  from  perpendicular  alignment  was  then 
determined.  Since  the  CRO  tube  is  rigidly  held  in  place,  and 
alnoe  the  camera  construction  Is  such  as  to  allow  little 
variation  In  film  position,  the  value  of  the  resulting  correction 
did  not  vary  appreciably  In  the  course  of  an  investigation. 

The  value  of  this  angular  deviation  from  the  perpendicular 
ranged  from  zero  to  67  minutes  of  ere,  and  averaged  18  minutes 
for  the  equlpawnt  used  in  this  series.  These  values  were 
accurate  to  approximately  +  10  minutes  of  arc.  In  order  to 
apply  these  corrections  they  were  transformed  from  angular  to 
time  units  by  the  use  of  the  relation 

tp  -  k  p#  tan  x  (microseconds) 

where  p  is  the  height  .of  the  epparent  peak  in  millimeters,  x 

9 

la  the  value  of  the  angular  deviation,  and  k  is  the  conversion 
factor  in  microseconds  per  millimeter.  The  value  of  k  corre¬ 
sponds  to  the  number  of  microseconds  per  millimeter  along  the 
base  line.  The  absolute  size  of  the  correction,  tp, varied 
from  zero  to  20  microseconds  and  averaged  5  microseconds .  These 
correction  vs lues  were  aeourate  to  approximately  +3  microseconds . 
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